In developing countries, urban populations are deemed to have better access to a wider variety of foods than their rural counterparts. Yet, data on micronutrient status are scarce and the impact of urban food consumption behaviors on micronutrient adequacy is not well known. The objective of this study was to assess individual micronutrient adequacy of the diet along with food consumption behaviors of women of reproductive age in Ouagadougou, Burkina Faso. A crosssectional survey of 182 women was conducted in 2 districts of the city. Nutrient intakes were derived from 3 nonconsecutive quantitative 24-h recalls for each woman. Balance in macronutrients was in the range of recommendations except that mean sugar intake was somewhat high. Mean probability of adequacy across 11 micronutrients was low (0.38). The most problematic micronutrients were vitamin B-12 (only 4% of our sample had sufficient intake), folate (12%), riboflavin (13%), and niacin (20%). Higher intakes of organ meat, flesh foods, vitamin A-and vitamin C-rich fruits and vegetables, and legumes and nuts were significantly associated with lower risk of micronutrient inadequacy. Readyto-eat foods bought outside the home provided 46% of overall energy intake, 52% of fat intake, and 72% of sugar intake but were not associated with micronutrient inadequacy (P . 0.05). These results highlight the low micronutrient intakes among women of reproductive age in Burkina Faso, even in an urban area.
Introduction
The importance of the nutritional status of women of reproductive age is undeniable. Adverse effects of micronutrient deficiencies on the health and birth outcome of women are well described (1) . Notably, deficiencies in thiamin, riboflavin, vitamin B-6, folate, vitamin B-12, and iron are responsible for an increased risk of adverse pregnancy outcomes such as neural tube defects, early fetal loss, preeclampsia, and maternal mortality.
Food consumption in cities is subject to a number of unique factors. In the urban food economy, the majority of foods are purchased (2, 3) . Thus, people need cash to feed themselves. However, income-generating activities can be uncertain and time consuming, particularly for the poorest. This, in turn, has an impact on food consumption behaviors. Though there is some evidence that undernutrition is less prevalent in urban areas than in rural areas, mean prevalences of undernutrition mask large disparities between the poorest and the richest in urban areas (2) . Data on the prevalence of adequacy are not available for most micronutrients. However, where known, prevalences for micronutrient deficiencies in urban areas are worrying, even if often better on the average than in rural areas. In 2003, in Ouagadougou, the capital of Burkina Faso, 48% of women of reproductive age were anemic (vs. 55% in rural areas); 30% did not have adequately iodized salt in the household (vs. 54% in rural areas); and 3% of pregnant women had night 2 Author disclosures: E. Becquey and Y. Martin-Prevel, no conflicts of interest. 3 blindness, a symptom of severe vitamin A deficiency (vs. 8% in rural areas) (4) .
Most studies focusing on food in Burkina Faso showed that urban areas were already very different from rural areas in terms of food systems, food habits, culinary practices, and food supply. In the city, new easy-to-prepare and processed foods appear regularly, and street foods, which are ready-to-eat foods sold on the street by small vendors, are more and more commonly consumed (5) . It has also been shown that the main food markets are generally well provisioned in Ouagadougou (6) , but very few studies have looked at individual food consumption and micronutrient deficiencies among women of reproductive age. However, to design or reorient programs to improve individual food and nutrition security, it is necessary to understand food consumption behaviors and identify nutritional problems. This is particularly relevant currently because of the effects of the food and financial crises on the diet of the urban poor (7).
Our objective in this paper was to investigate whether energy, macronutrient, and micronutrient intakes were adequate in an urban population of women of reproductive age in Ouagadougou, Burkina Faso. Our hypothesis was that macronutrient adequacy was quite good in Ouagadougou but that micronutrient adequacy could be an issue.
This study was part of the Women's Dietary Diversity Project, which analyzed the performance of food group diversity indicators as predictors of the micronutrient adequacy of women's diets across 5 sites in developing countries (8) .
Methods
Setting and survey design A cross-sectional survey was conducted in Ouagadougou from February to May 2006, during the dry and hot season, which corresponds to the very beginning of the hungry season (9) . The sample consisted of a subsample of the population monitored by the Demographic Monitoring System carried out by the Institut Supérieur des Sciences de la Population (High Institute of Population Sciences) covering the population of 2 districts: Wemtenga, a structured district of~2500 inhabitants near the center of the city with electricity and water supply, and Taabtenga, a nonstructured district of~3500 inhabitants at the periphery of the city with no amenities. In a study conducted in May 2005, 300 women aged 19-60 y had been randomly sampled in each district from the list of all women of this age in these districts (10) . For the present study, 125 women in each district were randomly selected from the previous sample. However, because the current study sought to focus on women of reproductive age, women aged 50 y and older were excluded from the analyses (n = 5). The difference in sampling fractions between the 2 districts was taken into account in all analyses through the attribution of corresponding weights.
Dietary data collection
Food consumption was recorded for each woman included in the study through 3 quantitative 24-h recalls administered by a trained female surveyor on 3 nonconsecutive weekdays within 1 or 2 wk for the same woman. The 24-h recall interview technique was adapted from the multiple-pass method (11) : 1) a list of meals, dishes, and all food items and beverages consumed was first recorded and their place of preparation (at home or outside) was noted; 2) interviewees were asked for a full description of ingredients in all mixed dishes; 3) the method of preparation was noted (e.g. time of cooking, whether the cooking receptacle was covered); 4) amounts in household measures were assessed separately for each ingredient and the portions eaten; 5) waste and nonconsumed parts were estimated; and 6) interviewees were systematically prompted for specific foods, such as snacks and drinks. They were not prompted for supplement use, but we knew from previous data that only 0.2% of them regularly consumed supplements (M. Savy and Y. Martin-Prevel, unpublished data).
A comparison between the first 24-h recall and dietary data obtained by the weighing method performed the same day demonstrated good agreement for energy and macronutrient intake estimations (9) .
When possible, foods were weighed in households using domestic scales with a precision of 1 g and a maximum capacity of 3 kg (Tanita or Philips scales). Usual household measures were recorded and calibrated by the surveyors in households and in the main markets, along with purchase prices and size of units sold, by weighing food quantities corresponding to these measures and prices. They were used to estimate the weights of ingredients. Yield factors due to cooking were recorded during the weighing survey by weighing all ingredients at each stage of each dish preparation. Two catalogs of standard recipes were constructed, one for dishes prepared and consumed at home and one for dishes consumed outside the home (data were collected among restaurants and street-food vendors).
Ethics
Each woman selected for the study was fully informed about each step of data collection, and written informed consent was obtained. The study received the approval of the Ethics Committee of the Ministry of Health of Burkina Faso.
Data entry and management
Data entry was performed with EpiData software, version 3.1 (The EpiData Association). Data quality was ensured by quality checks at data entry, double entry, and further data cleaning. Data management was performed using the SAS System v.9.1 (SAS Institute).
Food composition table
Because there is currently no reliable food composition table (FCT) 6 for Burkina Faso that includes all micronutrient contents required for this study, a FCT was compiled from 3 main sources: the FCT for Mali (table de composition d'aliments du Mali) (12), the Worldfood FCT for Senegal (13) and the USDA National Nutrient Database for Standard Reference, Release 20 (14) . For some rare foods, other sources were used, including local data, data from the food industry, or data on a similar food in the FCT taking yield and retention factors into account and adjusting on dry matter content when available.
Most foods in our FCT were raw foods. To account for losses in micronutrients due to cooking, we applied retention factors to the nutrient content of cooked foods (15) . Yield factors for water gain or loss during cooking were calibrated in the field, averaged by type of dish, and accounted for in dietary data management.
For the purpose of this study, it was decided to express the vitamin A content of food in retinol equivalent (RE). Although the current standard is to use retinol activity equivalent, recommendations of intake are expressed in RE and have not been converted yet to reflect the new standard of units. Therefore, for vegetable foods in the table de composition d'aliments du Mali and USDA FCT, it was necessary to recalculate vitamin A content using the following formula:
vitamin A ðREÞ ¼ retinol þ ðb-carotene=6Þ ð16Þ:
Dietary data analysis Energy underreporters (n = 63) were excluded from the analysis according to the revised Goldberg equation, considering the 95% lower confidence limit and assuming a light physical activity level in the population (17) . Energy overreporters (n = 5) were also excluded according to the 95% upper confidence limit given by this equation. Usual nutrient intake calculations were performed using C-side software (18) . Usual nutrient intake corresponds to the nutrient intake distribution that would result from the measure of daily intakes over a long period. It can be assessed with repeated daily nutrient intake recalls, accounting for intra-individual and inter-individual variability of intake (19) .
The adequacy of macronutrient intake was assessed according to WHO/FAO recommendations (20) . The adequacy of micronutrient intake was assessed through the calculation of probabilities of adequacy (PA). The complete calculation procedure, micronutrient by micronutrient, is described elsewhere (8) . Eleven micronutrients were considered: vitamin A, thiamin, riboflavin, niacin, vitamin B-6, folate, vitamin B-12, vitamin C, calcium, iron, and zinc. Except for calcium, the PA for each micronutrient and each individual in the sample was calculated through the probability approach (21) using the best linear unbiased predictor of usual intake for each nutrient and each woman and according to WHO/FAO micronutrient requirements (16) . For zinc, more recent requirements were used (22) and for iron, whose requirements are skewed for menstruating women, IOM tables were used (23) after transformation to account for lower bioavailability. Given typical dietary patterns in our setting characterized by few animal source foods and high phytate content, low levels of bioavailability were assumed for iron (5%) and zinc (25%) according to international guidelines (16, 22) . For calcium, adequacy of intake was assessed through the method by Foote et al. (24) . The mean probability of adequacy (MPA) of micronutrient intake for each individual in the sample was defined as the mean of the PA across the 11 micronutrients. The above calculations were performed with Stata v.10.0 (StataCorp).
Mean number of meals per day was calculated for each woman as the mean across the 3 quantitative 24-h recalls. Percentage of energy intake provided by ready-to-eat foods, each meal and snack, and each food group (all starchy staples; all legumes and nuts; all dairy; organ meat; eggs; small fish eaten whole with bones; all other flesh foods; vitamin Arich dark green leafy vegetables; vitamin A-rich deep yellow, orange, and red vegetables; vitamin C-rich vegetables; vitamin A-rich fruits; vitamin C-rich fruits; and all other fruits and vegetables) were calculated for each woman as a the mean share of energy intake across the 3 quantitative 24-h recalls. Vitamin A-rich and vitamin C-rich fruits and vegetables were defined according to the Codex Alimentarius definition of a source (25, 26) . In this article, we define snacks as "all foods and beverages consumed between main meals." Because mangoes are particularly micronutrient dense and were the most frequent snack food consumed in the season the study was conducted, we separated them from other snacks for the analyses.
Household and individual characteristics
One section of the questionnaire focused on general information such as age, literacy, professional occupation, lactation, and pregnancy. We used the household economic level that was assessed in the May 2005 study (10) . A multiple correspondence analysis was performed on variables describing housing conditions and assets. The coordinate of every household on the first axis of this multiple correspondence analysis was interpreted as the value of a continuous economic index (27) . The latter was then divided into tertiles to determine low, medium, or high economic level.
Statistical analyses
All statistical analysis was performed using the SAS System v. 9.1. Simple descriptions of food consumption behaviors were carried out using means and distribution of frequencies. Comparisons by district were performed using chi-square test and Student's t test. Determinants of micronutrient inadequacy (MPA , 0.5) were investigated through multivariate logistic regression analysis. For the description of the main types of dishes and of the main types of foods and beverages consumed between meals, the statistical unit was the meal 3 round 3 woman and the snack 3 round 3 woman, respectively. Thus, each woman could contribute more than 1 meal and/or snack per round. In other analyses, the woman was the statistical unit. The level of significance was set at a = 5%. Data are presented in the text as percentages, means 6 SD, and PA.
Results
The final sample comprised 182 women of reproductive age, with 168 having complete and consistent data for the 3 recalls and 14 having complete data for only 2 recalls. Among the total sample, 35 women were lactating and 13 women were pregnant. The median age was 29 y. More women were literate in the district with amenities (69% vs. 34%; P , 0.0001). They also had a higher economic level (P , 0.0001). In this district, intakes of riboflavin (P = 0.043), vitamin B-12 (P , 0.0001), and vitamin C (P = 0.018) where higher, but intakes of folate (P = 0.014), iron (P = 0.0040), and zinc (P = 0.0030) where lower. Finally, the intakes of energy, 5 other micronutrients (thiamin, niacin, vitamin B-6, vitamin A, and calcium), and MPA did not differ between the 2 districts.
The main diet pattern comprised 3 main meals: breakfast, lunch, and dinner (75% of round 3 woman). Having no breakfast but lunch and dinner was the next most frequent pattern (13%) followed by a pattern of 2 main meals including breakfast but skipping lunch or dinner (11%). Snacking was very frequent; 47% of women had at least 1 snack/d and 91% of them had at least 1 snack in 3 recalls.
The most frequent types of main dishes for breakfast were cereal gruels; bread with or without tea or coffee; tô , a paste made from hot water and cereal flour, with sauce; and rice with sauce ( Table 1) . Among all types of foods consumed at breakfast, a subset of only 5 of them (sugar, bread, pearl millet gruel, tô from white corn, and white cooked rice) represented one-half of all occurrences observed during the whole survey. For lunch, tô with sauce was the most frequent type of dish, but rice with sauce was nearly as frequent and riz gras, a mixture of rice and vegetables with oil, was also often consumed (Table 1) . For dinner, tô with sauce was by far the most frequent type of dish followed by rice with sauce. For lunch and dinner, tô was principally made from white corn, which was refined to various degrees according to household habits. The most frequent sauces overall were made from peanut paste or dried okra, while sauces made from jute leaves or sorrel leaves were also frequently eaten for dinner. Fresh fish or fresh meat equally were often consumed with the main course, although less often at dinner.
Snacks were very different from foods consumed during main meals ( Table 2) . Only 6 types of foods constituted nearly twothirds of the snacks, and 2 of them in particular were often consumed: fruits, of which mangoes were the most frequent (79% of fruit-snack consumption), and soft drinks, mainly zoom-koom, a traditional beverage made from pearl millet flour, sugar, and flavors (64%). The other major contributors to snack consumption were peanuts, buns/cookies, bread/sandwiches, Riz gras is a kind of risotto, a mixture of rice and vegetables (and sometimes fish or meat) with oil. 4 Principally black-eyed beans. 5 French baguette made out of wheat flour. 6 Principally made out of millet but also made out of sorghum, white maize, or rice.
These cereals can be refined or not.
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and alcoholic beverages, principally dolo (traditional millet beer) ( Table 2 ). The majority of breakfast foods were entirely or partly bought outside the home (58 and 11%, respectively). Lunch and, to a greater extent, dinner were mainly prepared at home (57 and 75%, respectively). Snacks were almost always bought outside; only 4% were entirely homemade.
The mean usual intake of energy was 9437 6 1387 kJ ( Table  3) . Protein, fat, and carbohydrate intakes were in accordance with WHO/FAO recommendations (20) , whereas sugar intake was a bit high (13% instead of the recommended ,10%). Lunch and dinner were the main and equal contributors to energy intakes, but breakfast and snacks contributed measurably as well ( Table 4) . The contribution of ready-to-eat foods to energy intake was almost equal to the contribution of homemade foods. The distribution of macronutrient intakes across different eating occasions was quite similar to that found for total energy intake except for sugar, which primarily came from ready-to-eat foods (including a large part of snacks). Distribution of fat intake differed as well, although to a lesser extent.
In our sample, the prevalence of adequacy was very low for vitamin B-12, folate, riboflavin, and niacin (PA: 4-20%) ( Table  5) . It was low for iron, calcium, and thiamin (PA: 26-44%) and moderate for vitamin B-6, vitamin A, vitamin C, and zinc (PA: 60-71%). The MPA across the 11 micronutrients was low (0.38). Consumption of some food subgroups was significantly associated with a lower risk of low MPA (MPA , 0.5) even when controlling for usual daily energy intake ( Table 6 ): organ meat, vitamin A-rich deep yellow/orange/red vegetables, vitamin A-rich dark green leafy vegetables, vitamin A-rich fruits, legumes and nuts, and all other flesh foods (except small fish eaten whole with bones). Some food consumption behaviors also showed a lower risk of low MPA ( Table 7) ; higher numbers of meals per day and higher energy intake from snacks (other than mangoes) were associated with a lower risk of having a low MPA. However, these relationships did not persist when controlling for usual energy intake. Only intake of mangoes between meals was associated with a lower risk of low MPA at P , 0.05. This showed that the effects of a higher number of meals or quantity of snacks were due to an increase in quantities consumed while the effect of mango consumption was not. Finally, no socioeconomic characteristic was significantly associated with low MPA.
Discussion
Overall, the women's food consumption in our sample was balanced for macronutrients except for sugar intake, which was moderately high. Food consumption was poor in micronutrients and did not cover the women's needs. The most problematic micronutrients were vitamin B-12, folate, riboflavin, and niacin. Particularly striking was that 46% of energy intake was provided by ready-to-eat foods prepared outside the home. Mango consumption between meals was very frequent and significantly decreased the risk of micronutrient inadequacy. Organ meat consumption was significantly associated with an extremely low risk of micronutrient inadequacy.
We must acknowledge that our sample was not representative of the whole population of Ouagadougou. The choice of 2 districts was made by the Institut Supérieur des Sciences de la Population to take into account both structured and nonstructured areas, 2 typical urban environments in Ouagadougou. However, these 2 districts were quite different and this has probably overrepresented extreme socioeconomic situations in the Demographic Monitoring System. Also, the exclusion of the 5 elderly women, 5 overreporters, and 63 underreporters may have introduced a systematic bias on socioeconomic characteristics as 51 of them lived in the structured district and represented 40% of this district's sample. Compared with other women in the same district, a higher proportion of those excluded were highly educated, employed, and relatively wealthy, but the differences were not significant (P = 0.25-0.66). During the survey, we observed that women with higher socioeconomic status were less collaborative and patient, which might have led to incorrect reporting of food consumption and thus to exclusion. Finally, we focused our study on week days only, which is not representative of the entire week. Despite these potential biases, the main food consumption behaviors described were largely widespread in the sample, including across the different physiological status (results not shown). Therefore, even if we cannot generalize the behaviors to the whole population of Ouagadougou, we think that they provide a good snapshot of food consumption behaviors and an interesting picture of nutrient inadequacy. Tô with okra or leaf sauce was very popular and can be considered the "national dish" in Burkina Faso. Consumption of rice, often with peanut-paste sauce, and frequent consumption of fresh meat, fresh fish, sugar, and vegetable oil are typical of the urban diet. Indeed, compared with results of a recent study in a rural area of Burkina Faso, our data confirm that there was a higher contribution of fats to energy intake and higher median consumptions of all micronutrients except iron and zinc in Ouagadougou (29) . Total energy and protein intakes in our sample were similar to those observed in a study in Bamako, a comparable Sahelian city in Mali, except that fat intake was far lower in our sample (23% of energy intake vs. 32%) (30) . Although prevalences of micronutrient adequacy were generally a bit higher in Bamako, folate, vitamin B-12, riboflavin, and niacin were also identified as problematic micronutrients. In Cotonou, Benin, which is near the ocean and exhibits different diet patterns, vitamin B-12, and folate were also problematic, whereas riboflavin and niacin were less of an issue (31) . Fat and sugar consumption were lower than in our study but tended to be higher in what the authors called a "transitional" diet compared with a "traditional" diet. All these results are in line with the hypothesis that consumption of fat and sugar increases as food consumption behaviors take on more urban characteristics. Another hypothesis was also that micronutrient adequacy would increase with urban lifestyles, but results show that it remains a concern.
Specific dietary behaviors playing a positive role on micronutrient intakes do exist and have been observed in our sample. In particular, we highlighted that those who consumed animal source foods, fruits, vegetables, and legumes, which are known to be the best sources of micronutrients (32) , were less at risk of having a low MPA. Animal source foods, notably, are good sources of the micronutrients that were the most deficient in our sample, and among these foods and for these micronutrients, liver was by far the best source (12) . We know that dietary diversity increases micronutrient adequacy (8) and is also often associated with socioeconomic determinants (10, 33) . Surprisingly, we did not find any direct relationship between MPA and socioeconomic characteristics of women and households. One possible explanation could be a lack of power resulting from a low sample size coupled with the measurement error inherent to the measure of food intake (34) .
To improve diet quality in urban areas, taking into account specificities of urban food practices is essential. Notably, buying ready-to-eat foods was very common in our sample, particularly at breakfast and for snacks. Overall, these foods covered 46% of energy intake and were responsible for a large majority of sugar intake and, to a lesser extent, fat intake. We did not separately assess the contribution of ready-to-eat foods to micronutrient intake, but we showed that their consumption was not significantly associated with MPA, suggesting that the micronutrient content of ready-to-eat foods was not very different from that of homemade foods. This is in line with the comparison of readyto-eat foods to homemade foods that was described in Nairobi, where ready-to-eat foods were found to have the same micronutrient content but more fat (35) . Another urban food practice was snacking, which almost always involved ready-to-eat foods, represented a measurable contribution to energy intake (16%), and was associated with lower micronutrient inadequacy. This was notably true for mango consumption between meals, which was frequent in our sample. This highlighted the impact of the mango season, which was also clearly demonstrated with the Mozambique dataset in the Women's Dietary Diversity Project (8) . This could be observed with other types of foods and underscores the need to account for seasonality when estimating a diet's micronutrient adequacy. Our results highlight the relevance of considering not only homemade foods but also street foods in public policies, given that urban dwellers will likely keep buying ready-to-eat foods for main meals and snacks. While the need to control the safety of street foods is often emphasized (36) , less is said about their nutrient content, which is also important. The challenge is to increase the micronutrient density of these foods while keeping their macronutrient content balanced. One option would be the fortification of flour, oil, or other products used in cooking or of the mixed dishes during the preparation process, which could affect both homemade and street foods.
When considering the improvement of micronutrient adequacy, one should also note that the nutrition transition is ongoing in Ouagadougou, as evidenced by the last Demographic and Health Survey, which found that 33% of women were overweight (4) . Even if the current overall energy and main macronutrient balance can be considered acceptable, the excess sugar intake should be a warning that not only is diversity a key to a balanced diet, but moderation is as well. Therefore, specific urban dietary behaviors must be considered to overcome these twin challenges to good nutrition in developing countries' urban areas. 1 Low MPA is defined as MPA , 0.5. *P , 0.05; **P , 0.01; ***P , 0.001. 2 Data are presented as percentage of consumers during the survey. 3 Data are presented as mean 6 SD and median intakes among consumers. 4 Regressions were adjusted based on physiological status (nonpregnant, nonlactating, yes/no), n = 178. 5 The OR is associated with an increase of 1 kcal (4.184 kJ) of energy from the food group. 6 Vitamin A-rich fruits and vegetables are defined as those with .120 RE/100 g raw, taking into account retention factors. 7 Vitamin C-rich fruits and vegetables are defined as those with .9 mg/100 g raw, taking into account retention factors. 
